Aethia auklets, conspecific cues, least auklet Aethia pusilla, crested auklet Aethia cristatella, post-natal seabird ecology, recruitment and settlement decisions, sociality https://mc06.manuscriptcentral.com/cjz-pubs however, many aspects of prospector biology remain unknown. We explored prospector behaviour as a means of furthering our understanding of post-natal seabird dispersal and colony attendance using least (Aethia pusilla Pallas, 1811) and crested (A. cristatella Pallas, 1769) auklets breeding at Gareloi Island, Alaska in 2014 and 2015. We recorded age class, length of time spent on the colony, and behaviour for individuals attending a study plot over the course of two breeding seasons. Although prospectors typically spent more time on the colony surface than adults, prospectors rarely socialized with conspecifics during their visits to the colony, possibly due to the absence of a citrus-like feather odour used in olfactory communication. Additionally, we found substantial differences between observed and predicted data between years, demonstrating that other factors (likely prey abundance or quality) influenced behaviour in 2015.
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Introduction
Individual fitness is influenced, in part, by habitat selection (Danchin and Cam 2002; Pärt and Doligez 2003) and decisions surrounding dispersal and recruitment are important factors closely linked to survival and reproduction (Lebreton et al. 2003 ). Philopatry to natal or breeding sites (i.e., fidelity) is a common behavioural tendency observed in many organisms (Greenwood and Harvey 1982; Koenig et al. 1996) as dispersal is costly in terms of time and energy (Bonte et al. 2012) . Many species will only search for new breeding sites after individual or colony reproductive failure has occurred (Doligez et al. 2003; Danchin et al. 2004) . Previous work has explored habitat selection in terms of dispersal and recruitment decisions (e.g., Boulinier and Lemel 1996; Danchin et al. 1998) , particularly related to evolutionarily stable strategies (e.g., ideal free and ideal despotic distributions; Fretwell 1972), leading to the discovery that individuals 'share' information in social aggregates (Nocera et al. 2009 (Oro 2003) and the propensity of pre-breeding sub-adults to attend colonies during the chick-rearing period only (Cadiou et al. 1994; Boulinier et al. 1996; Dittmann and Becker 2003) .
Auklets (Aethia spp.) are socially monogamous seabirds that breed in underground rock crevices on the Aleutian Islands and other islands located in the Bering and Okhotsk Seas (Gaston and Jones 1998). Least (Aethia pusilla Pallas, 1811) and crested (A. cristatella Pallas, 1769) auklets are abundant species with high adult survival that can begin breeding at three years of age (Jones 1992 (Jones , 1993 . They often breed in mixed colonies (Jones 1993; Bond et al. 2013) with colony populations typically in the hundreds of thousands (Byrd et al. 2005) . Auklet species are among the most numerous seabird populations in the Pacific Ocean (Jones 1993; Bond et al. 2013 ) and are among the few seabird species that are not currently in decline (IUCN 2009 ).
Breeding populations of auklets are relatively resilient to disturbance (Fraser et al. 1999) , making them ideal model species for studying common behaviours (e.g., prospecting; Reed et al. 1999) among seabird taxa.
Before chicks hatch, auklets gather on the colony surface and socialize with conspecifics in dense, social scrums (Piatt et al. 1990; Jones 1993) involving specific vocalizations and D r a f t carefully executed postures in elaborate behavioural displays (Seneviratne et al. 2009; Zubakin et al. 2010; Bond et al. 2013) . These behaviours are thought to maintain dominance status (Zubakin et al. 2010) , establish bonds with possible breeding partners (Jones 1993; Bond et al. 2013) , and assist the spread of ectoparasite deterrents present in feather odorants through alloanointing (Douglas III 2008) . Social activity attracts the attention of other auklets (Jones 1993; Zubakin et al. 2010; Bond et al. 2013) , including sub-adult prospectors (i.e., young, pre-breeding individuals that visit breeding colonies to assess the colony as a possible future breeding location), who loiter on the colony surface during the breeding season (Bédard 1969; Roby and Brink 1986 ) and can be distinguished by plumage colour (Bédard and Sealy 1984) . During the chick-rearing period, social activity on the colony surface decreases substantially as breeders begin to spend more time at sea foraging for chick meals (Piatt et al. 1990 ).
The purpose of our study was to examine how behaviour at a breeding colony differs with age class and relate these differences to age-specific obligations of colony attendance.
Given the elaborate behavioural displays of auklets and assumed importance of social behaviours, we hypothesized that sub-adult prospectors attend colonies to initiate social bonds with possible partners of future breeding attempts and locate potential nesting sites and adults attend a colony to ensure their reproductive efforts are successful. Thus, we predicted: (1) that prospecting sub-adults spend more time performing socialization and movement behaviours and adults spend more time performing maintenance (i.e., preening) and resting behaviours, and (2) the length of time spent performing behaviours does not differ between years. Additionally, we hypothesized that the length of time spent performing behaviours is greatest during late incubation and early in the nestling phase (when both sub-adults and adults are present on the colony; Piatt et al. 1990; Jones 1993; Wails 2016) we predict a negative relationship between nesting period (i.e., incubation, hatching, and chickrearing periods) and the length of time spent performing behaviours for both adults and subadults.
Methods

Ethical note
All fieldwork activities were performed under appropriate permits (master banding permit We made behavioural observations on a focal individual (as described by Altmann 1974) selected haphazardly for observation. Our observations commenced when an individual first became present on the colony surface (either by landing or exiting a crevice and walking onto the colony surface) and ended when the individual left the colony surface (either by flying away or entering a crevice). Because we did not have a timeframe (i.e., a specific length of time focal individuals were followed) for our behavioural watches, once observations of one individual ended, observations on the next individual could begin. For each individual, we recorded age class (i.e., sub-adult or adult), behaviours (Table 1) , and interactions with conspecifics as defined by Jones (1993), Zubakin et al. (2010) and Bond et al. (2013) . Weather conditions (wind speed, atmospheric pressure, temperature, and precipitation) were recorded every 30 min using a handheld Brunton ADC-PRO Atmospheric Data Center (Brunton, Inc., USA (Table 1) . For the majority of our observations, behavioural categories did not overlap; the few instances of overlap occurred when individuals moved to maintain a social interaction, and we classified these instances as 'socialization'. To account for variability in behaviour related to weather, which has been observed for seabird species (e.g., Schreiber 2001), we included wind speed (knots), temperature (°C), atmospheric pressure (hPa), and precipitation (i.e., none, light, heavy) as random effects after reducing the continuous variables (wind speed, temperature, and atmospheric pressure) into categorical variables (Table 2) .
We considered 20 candidate GLMMs, including a null model, using the four independent variables of interest (i.e., age class, species, behaviour categories, and nesting period) and biologically-relevant interactions; the four weather variables were included as random effects in all models, including the null. We compared GLMMs using an information theoretic approach For all summary statistics, means ± 95% confidence intervals are presented.
Results
During behavioural watches, we found that adults spent less time on the colony surface (2014: 
D r a f t
The top four models in our candidate set investigating the relationship between age class and behaviour received 100% of model weights and each included the terms behaviour category, age class, and an interaction between these two variables (Table 3) . Weighted parameter estimates show that sub-adults spent less time overall on the colony than adults and spent more time than adults on resting and movement behaviours (Table 4) . Sub-adults spent the most time performing resting behaviours and the least on socialization (Table 4) . Although species and nesting period were included in the top four ranked candidate models, neither were strong predictors in our models (Table 4) .
When substituting the standardized 2015 data in the averaged model, model predictions differed from observed data by 86.4% (± 7.4%) and the averaged model consistently overestimated times spent on behaviours. The percent difference between observed and predicted data were slightly greater for crested auklets than least auklets (87.5 ± 9.6% and 84.5 ± 11.6%, respectively), greater for adults than sub-adults (86.8 ± 7.7% and 80.6 ± 27.5%, respectively), and differed slightly related to nesting period (incubation: 88.0 ± 9.7%, hatching: 81.8 ± 13.9%, chick-rearing: 86.3 ± 17.7%).
Discussion
Behavioural differences in colony attendance by breeding adults and pre-breeding sub-adults (i.e., prospectors) can be linked to the role of colony attendance for each age class. Breeding adults are constrained to attend a colony to ensure their current reproductive effort is successful, while pre-breeding sub-adults attend a colony to evaluate the site as a potential future breeding location. Here, we evaluated the hypothesis that sub-adult prospectors attend colonies to initiate social bonds with possible partners of future breeding attempts and locate potential nesting sites and adults attend a colony to ensure their reproductive efforts are successful. Specifically, we D r a f t predicted that prospecting auklets spend more time performing socialization and movement behaviours than adults who spend more time performing maintenance and resting behaviours.
Our results partially supported our hypothesis and show differences in attendance patterns by breeding adults and sub-adult prospectors (who spent less time overall at the colony) and that behavioural differences related to age class were present. However, in contrast to our prediction, we found that sub-adult prospecting auklets spent the most time on resting and movement behaviours and rarely performed socialization behaviours.
Our samples of prospectors in both years of the study likely included birds from a range of ages (one-year-olds that had been chicks the previous summer up to three-year-olds that will return as breeders in the next summer), but exact ages are unknown as auklet chicks from
Aleutian breeding sites are seldom banded, thus we had to consider age categorically (i.e., adult and sub-adult) based on plumage characteristics. It is possible that the youngest prospectors For other seabird species, it has been assumed that sub-adults attend colonies to locate and evaluate potential nesting habitat, engage in behaviours that will help establish social bonds, and evaluate local food supplies (Dittmann et al. 2007 ) but these benefits are less apparent to prospecting sub-adult auklets. The timing of colony attendance by prospecting auklets suggests colony productivity has little influence on prospecting behaviour (i.e., assessing potential nesting habitat through colony reproductive success; Wails 2016) but does coincide with the traditional peak in social activity by breeding adults observed at other colonies (Piatt et al. 1990; Jones 1993; Bond et al. 2013 ). Many of the well-defined social behaviours of crested auklets are related to their citrus-like odour, which is suggested to be important during social interactions and in deterring ectoparasites (Jones et al. 2004; Douglas III 2006) . This chemical signal is Given the importance of recruitment to an individual colony in maintaining a viable population and for restoration studies, understanding the behaviour of sub-adult prospectors is of the utmost importance. Here, we have shown that breeding adult and sub-adult auklets differ in the time spent on the colony and the behaviours they perform while there. We found that subadult prospectors spend more time resting on the colony surface (possibly watching adults Table 3 . Generalized linear mixed-effects models (Gamma distribution, log link) ranked by AIC c for least (n = 100, 77 adults, 23 sub-adults) and crested (n = 359, 353 adults, 6 sub-adults) auklets observed during the 2014 breeding season (June -July). Independent variables include age class (adult and sub-adult), behaviour category (maintenance, movement, resting, and socialization, see Table 1 ), and nesting period (incubation, hatching, and chick rearing). 
Model
